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The Nature of its Conſtruction, and the Manner of — 
uſing it in copying Drawings of Figures, ents, 
Plans, Maps, Charts, &c. 
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. Whence the PANTOGR APHER bas its Name. 


MR Hs e bas its name from 


+ a : by, ze» all, and gag to deſcribe, and there- 


fore PANTOGRAPHY is the art or 
is 55 r 


& ſcience of deſcribing things generally : 


MN * but being underſtood here in a limit- 


ed ſenſe, is meant to be the art of copying 
drawings, which have been already made, and the 
doing of this to any larger, ſmaller, or an equal 
ſcale, as ſhall be required; the inſtrument itſelf, 


whereby ſuch drawings are copied, being called 


the Pantographer, a name which alſo might, 


without impropriety, be given to the perſon who 


_ performs with it. 
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I. Nie Invention but of late Tears. 


When or by whom this inſtrument was firſt in- 


vented, is not certainly known ; probably it was 
the invention of ſome ingemous mathematician | 
a about two centuries ago, ſince it was about that 
time, that Guido Uba/dus, an Italian mathematician 
and nobleman, contrived a method of drawing the 
fourth part of an ellipſis mechanically, a method 
which, although confined to the deſcription of a 
_ conic ſection only, was then looked on as a capi- 
tal improvement in mechanical geometry, and gave 
birth to the inſtrument now called we: elliptica 5 
: compatles. 1 75 


III. The improved Manner in which it u ; made b „ 


 Meffrs. HEATH and WING. 


But whether the Pantographer was ſo el! in 
vented, or later, it is certain that its improvement, 
and the finiſhed manner in which it is now made, 
has been owing to the ingenuity of later times; 
and that, although the truth and certainty of its 
operations depend on geometrical principles, and 
the ſimilarity of triangles in particular, a dodrine 
which was antiently known ; the mechanical for- 
mation of this inſtrument has been completed but 
a few years, by Mefirs. Heath and. Wing, Mathe- 
matical Inſtrament-Makers, late of the Strand, 
who alſo have firſt, and before any other perſon, 
added ſuch farther improvements ther eto, as are 


mentioned } in this 1. ract. 


IV. The 
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IV. The Legs of the Pantegrapher el. 


e he Pantographer | is made either of wood or 
| brals, and conſiſts principally of four flat rulers, 
two long ones, and two ſhorter ones. The two 


| longeſt rulers are called the two long legs, and are 
joined at their extremities by a joint about which 


they move as their centre; and the two ſhorter 


rulers are alſo joined, the end of one of them to 
a part of the long ruler or leg, near the middle 


thereof, where there is alſo a joint, about which it 
moves as its centre. The ſhorter Titel are ſome- 
times called the ſhorter legs; ; and in like manner 


the other ſhorter ruler is joined to a part of the 
other long leg near 1ts 0 about which it 
moves as its centre. Laſtly, the other two ends 
of the ſhorter rulers, are joined by a joint, about 


which they move as a centre. $0 the inflrument 
is a parallclogram (Fig. I.), as AE G H, with 


two of its ſides as AE and AH produced to B 


and C reſpectively ;. the joints being at A, E, G, 


and H, and the additions len gtlis LB and FIC 


for certain reatons deſcribed farther on. 
v. Where the Diviſions and Numbers are placed. 


The parts of the inſtrument w chere the "2 


or graduations are placed, are on the faces of the 
two ſhorter legs EG and HG; likewiſe on the ad- 
ditional parts of the long legs EB and HC ; which 


diviſions are, for the more convenient and expe- 


ditious ſetting of tlie inſtrument, ſo that it may 
copy any drawing, and imitate every part thereof 


in any greater or leſſer Proportion, as ſhall be 
| required. e 


A 3 VI. The | 


& V3 


Wh," The Boxes, Fulcrum, and their Appendages. 


The two longer legs, and one of the ſhorter 
ones, have each of them a box with a thin or fi- 


ducial edge, which edge is for the readier and 
more exact fixing it to any of the diviſions ; and 
theſe boxes are made to flide freely along the 
legs, and to faſten at any of the diviſions by means 


of a ſcrew, Alſo, at each of theſe boxes is an 


upright tube or hollow cylindar, to carry either a 
| tracing pin, to trace out the original drawing with, 


or a lead pencil or port-crayon to draw the copy 


with, or to fix either to a moveable fulcrum, 
which is to be ſcrewed to the edge of the table, 
or which is better, to a fulcrum of a ſufficient 


weight for keeping the whole inſtrument ſteady, 


or rather opening and cloſing its Jus e a 

t on the table, 
and the inſtrument is moving round it as a centre 
for the more eaſy performance of which, the boxes 


whilſt this fulcrum is at dead re 


and four principal joints, have ſmall joints with 


rollers, and caſters at their feet, by means of which 


they move with eaſe under all directions. 
VII. The Utility of the Inftrument.. 


The inſtrument being thus formed, and accu- 


rately made and graduated, becomes quite handy | 
and convenient for all perſons who are converſant 
in the art of drawing, and more particularly fo to 


| thoſe who have either made but little progreſs in 


that art, or thoſe who want to diſpatch buſineſs 


of this kind with accuracy and expedition. For 


the 


me eo ˙̃˙ &@Þfoas wav ao. ao ww cw at. md as am 


—_ 4 — r 


1 


the outlines of any drawing whatſoever, and which 5 


are the principal difficulties to be overcome in co- 


pying of figures, ornaments, plans, maps, charts, 


&c. may hereby be had with the greateſt readineſs, 
and to any ſize or proportion, of either reduction 


or enlargement required; and the intermediate 
parts of the drawing may be filled up in the ſame 
manner; or if the performer chuſes to do that 
finiſhing by the hand and eye, it may be fo done, 
or as he ſhall belt approve; which admirable pro- 
perty in this inſtrument, and its readineſs in imita- 


ting all Kinds of lines, howeviir crooked or com- 
plex, cannot but deſerve the higheſt encomiums. 


The principles on which the operations of this in- 


ſtrument depend, and on which its graduations 
= are made, are as follows, viz. 


'v In. Conradin of the lire. 


Let Abby be a parallelogram, then are the op. | 


poſite ſides AE and DF equa] to each other (Fig. I.). 


And the oppoſite ſides AF and ED are equal to 


each other. Produce the ſide AE at pleaſure to 6 


and B, &c. And produce the fide AF at pleaſure 
to H and C, &c. Alſo, produce the fide ED, 
and compleat the parallelogram AEGH. Make 5 


AC equal to AB; and ED equal to EB. Draw 


the lines BDC and C, make df parallel to BA, 
and of parallel to bd. From which ariſes the fol- 
lowing inveſtigation. Becauſe ED is parallel to 
AC, therefore the triangles Ed and AC and dfC, 
will be ſimilar to each other, and conſequently 
their ſides will be proportional. Therefore where. 


ever the point 6 is in the line AB, and the line bdC 
A 4 draun 
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Gan as before mentioned, the lines bd and 40, 


will bear the ſame proportion to each other, as 


the lines Af and /, and alſo as the Lines Ag 
and Ab. Hence it follows, that under the above 
circumſtances, the parallelogram AEDF is a 


rhombus, but the parallelograms AEGH and AEG 


are rhomboides. And if the ſide AB be ſuppoſed 
to remain immoveable, whilſt the ſide AC moves 


coutward until the angle BAC becomes a right 
angle, and the paralleliſm of the lines is preſerved 
during this motion; then, when the angle at A 
becomes a right angle, the angle Ed will become 
a right angle; the line C will become equal to 


YM, and the line bd will become equal to N, &c. 


25 And hence the conſtruction of the Pantograph er 
will ariſe. e 


IX,  Organical Motion of the Iyftrument. 


= "For let the ſides AE and GE be fuppoſed. to o be — 
joined by a joint at E, the fide EA and FA to be 
joined by a joint at A, and the ſides EG and HG 
to be joined by a joint at G. And whilſt the fide 
Ag remains, fixed, let the point C, in opening or 


Sj cloſing the angle at A, be ſuppoſed to be carried 


__ outward to c, or inward to c, ſo will the point H 
come to þ outwardly or inwardly, the point d will 
come to ?, and the angle Ed will be equal to the 
angle, bAH ref pectively, and therefore the ſimila- 
rity of triangles will ſtill be preſerved, under theſe 
and all other poſitions, whilſt the legs of the in- 


firument are in motion. i 


A. Farther 


— 


0 L, * 
* Tar arther conf tered. 


2 The like conſequences will 655 w, ſuppo- 

ſing 6 to be a fixed centre, about which, not only 
the ſide AB turns, whilſt the angles FAH, and 
 EGH, and AEG, and AHG, remain as they 
were before the beginning of the motion; or other- 
wife ſpeaking, if, whilſt that ſide is 10 turning 
round the centre * the angles EAH, and EGH, 
and AEG, and AHG, are becoming leſs or 
1 And the like fimilarity of triangles will 
follow, ſuppoſing the whole inſtrument to turn or 
_ revolve round the point 4; or otherwiſe ſuppoſing 
it to revolve round the point C, whillt the afore- 
mentioned angles of the parallelogram AEGH 
either remain as they were, or are altering; which 
eſtabliſhes this principle of the Pantographer, 
namely, if either of the three points ö, d, or C, 
do remain fixed and invariable, the other two 
points reſpectively, will, under all directions, 
paſs over ſpaces parallel to each other, and pro- 
portional to their diſtances from the centre of 
motion. From theſe principles, the truth and 
certainty of the operations by the Pantographer 
are evident; and therefore we proceed to ſhew 
che manner of dividing or 85 raduating it It, W hich is 
88 follows, - 


8 Al. Inveſtigatios 


C08] = 


XI. Inveſtigation of general T, beorems for graduating 
the binfirument. 


ff The inſtrument being formed as before deſcrib. 
ed; let the leg AB be opened until the point C 
comes to M, to that the legs MA and AB, may 
make right angles with each other, and the afore-. 

mentioned ſimilarity of triangles will ſtill hold 


good. For in this caſe, the point d will be car. 
ried to N, and if NP be drawn parallel to EA, 


the magnitude of the drawing deſcribed by the 
point d or N, will be to the drawing deſcribed by 
the point C or M, as AP to AM. And therefore 


putting radius AM equal to 1,0000, &c. for the 


number of equal parts contained in the long leg 
Ad; and EN equal to n for the number of the 
85 ſame kind of equal parts contained in EN (or Ed) 


a part of the ſhorter leg EG ; it will be, As MP 
5 PN : EN: Eb. That is, when AE is half 
| — | EN 
AB, * I-: 1: : 1: 


18 


* | | 
that is 2 +2 = Abb. Which equation being re- | 


I INE 


duced gives - 
2—278 3 


: ing tables were calculated both for vulgar frac- | 
tions for the reduction of drawings from #7; to: 
of the original, and alſo the other Tables for re- 
duction of drawings from s to , to each hun- 
dredth part of the radius; and by proportioning 


the differences between the hundredths, this ſecond 
Table may be carried to thouſandths of the radius, 


XII. Two 


= Eb. And Eb+AE, | 


Ak” And hence the follow- 
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fifth column for , A, &c. of the original drawing. 
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the long leg of the Pantographer, to each hun. 
ITenths. 


dredth part of the radius AC with the differences 


for proportioning to thouſands, &c. 


E433 
xm. TT by the T rational Numbers are placed at 
wh their cor reſponding Graduations. 


en what has been already proved, it is evi- 
dent that if the length of dz, &, fe, &c. to ; and 
z of the radius AC. be ſet off from E. towar ds bh, 
and thoſe reſpective fractions, in Table I. are there 
written, and alſo that the correſpondent decimal 
parts of the radius AB, be ſet off from A towards 
B, and there thoſe very fame reſpective fractions 
r rs Te &c. to + and , are alſo written, that 
this will graduate or divide one part of the Panto- 
grapher, and make it fit to be uſed for thoſe re- 
ductions reſpectively. Alſo, it is evident, that if 
the Numbers anſwering to any other of the frac- 
tions which are leſs than half of unity or 1, are in 
like Manner inſerted by Table I.; or farther, it 
the more minute diviſions and ſubdiviſions to the 
hundredths or thouſandths parts, be inſerted in 
ke manner from Table II, the inſtrument may be 
readily and accurately ſet off for ſuch a reduction, 
and the drawing may be made agreeable thereto. 


XIV. The Manner of reducing a D. ting #1 any 
given Proportion, ſhewn by a general Example. 


| Suppoſe, for inſtance, the Pan tographer was t9 
be ſet tor reducing a drawing to a fourth Part 0 
its original ſize. Put the fulcrum at z in the leg 
_ EB, the pencil at 4 in the leg EG, : and the her 
—— C, and the inſtrument is fit for uſe. Otherwiſe, 
put the fulcrum at z in the leg EG, the 1 2 at 
z in the leg AB, and the tracer at C. And the 
a like method is to be obſerve for ny other pro- 
portion, provided it doth not amount to more 
khan half, that is, provided the original drawing 
is not to be leſs than double the reduced one; for 


in 


n 

in ſuch caſe, whether the fulcrum be at 1 whilſt 
the pencil is at d, or whether the fulcrum be at d 
and the pencil at 6, whilſt the tracer is put at C, 
the pencil can never deſcribe a drawing greater 
than half the dimenſions of the original. And 
therefore, if a greater dimenſion than half the 


__ original drawing is required, then the fulcrum is 
„ be removed to C, the tracer tob, and the pen- 
Seil to d. And therefore, in numbering the gra- 


duations or diviſions on the inſtrument, by writing 
the Seen ee, numbers or remainders to nity 
of z, , 4, &c. to , 4, namely, 3, 3, 4, to 17, 42, 
1 fay, by means of thoſe Numbers written at the 
ſame diviſions on the inſtrument, and the inſtru- 


ment being ſet or adjuſted to them, and working 


it, the copy is made ares. 2 to the reduction 
| required. > 


XV. The Manner of alanine. + a Drawing by the 


Inſtrument, in any Proportion given. 


| Hitherto, in this Tract, it has been ſhewii' only 
how to reduce or leflen the original drawing, but 


it may ſometimes happen, that a drawing is want- 

ed larger than the original in a certain proportion 
aſſigned, which the inſtrument will readily effect 
if the following method be obſerved, viz. the 
tracer being in the leg AB, the fulcrum in ED, 
and the pencil at C, enlarges the picture, by the 


reverſe of the fractions 25 Fo 75 &c. that is to ſay, 
it makes it twice as large at 2, thrice as large at 


IJ, four times at 3, Kc. to ten times, eleven times, 


twelve times, &c. the dimenſions of the original 


drawing. And therefore, if the complemental 
numbers in Table II, be apphed, it may be en- 


 larged, to , 107%; Kc. times the dimenſions of 


85 the original drawing, with the greateſt exactneſs 
— 


the 


7B and ZD, Fig. 1 and 2, and EN 
being put on the legs XC and XE, and a filken 


TY 


poſſible, A more practical account of we uſe of os 


the inſtrument, 1 is as follows: 


XVI. General Directions for working the a 
and reducing or enlarging a Drawing in 16 Pro. 


portion affi gned. 


The numbers 1 in Table L , being put on the leg 
oſe in Table Il, 


thread running through the pins at the joints, and 
faſtened to the lead pencil in the tracing tube, tor 
the litting! it up above the paper whilſt it is not in 


uſe; ſet the thin or fiducial edges of the boxes B 


and D to the numbers expreſſing the proportion of 


the copy to the original, there ſcrew them faſt. 
and in like manner the edge of the box A to the 1 

line C. In which caſe note, that if the copy is to 

de 2, 2, 2, &c. of the ſize of the original, Bis the 


fulcrum, C the tracer out of the original, and D 


the pencil making the copy. But if the copy is | 
to be more than half, as 3, 3, 3, &c. of the ſize 


of the original, then C is the fulcrum, B the 


original, and D the Pencil making the copy. 
And farther, if the copy is to be twice, three 


times, or four times, the ſize of the original, then 
B is the fulcrum, D the tracer out of the original, 


and C the pencil making the copy, and this is the 


firſt or more curſory way of uſing the Inſtrument, 
and is applicable for reductions to 2, J, J, &c. 20 


To 4, Fo &c. likewiſe for enlargements by 2, 3 45 8 


&c. times reſpectively, 
XVII. The ſame continued to the Hundredth or 


Thouſandth Part of the Dimenſions of the Original. 


But if you would reduce the original to 5%, or 


to 100 or any decimal part of the ſize it 
18 


816 
18 given in, then, the numbers are to be fough | 
on the legs AC and XE, and for any reduQtionf 
to leſs than half the ſize OY the original, C is to 
be the fulcrum, B the tracer out of the original, © | 
and E the pencil making the copy, this ſerves for 
all numbers from ; 1% to 1. But for numbers be- 
tween s and rs, B is to be the fulcrum, C the IF 
4 original, and E the pencil making the copy. Wl 
2 XVIII. The rg Delineations in the Plate, ws bed 1 
with their Uſe. © © | 
A more particular deſcription. of the ſeveral : 
parts of the Pantographer delineated in the plate 
hereunto annexed, is as follows. Fig. 1. ſhewsl 
the outlines of the inſtrument and its diviſions. 
Fig. 2. ſhews the manner in which the inſtrumentl 
performs organically, by an example in reducing 
a picture, the fulcrum, being at B, the tracer at 
0. and the pencil at D, from which, and what 
bas been herein before proved, the copy of oy 
picture is leſs than half the ſize of the original. 
Fig. 4. has been more particularly explained by 
Fig. I. Prepreſents the moveable fulcrum. 1 thei 
cylinder thereof. R a collar, E the tracing 
pin. A one of the boxes. H the cup over the 
pencil or port-crayon, into which may be put 
ſmall ſhot or ſand if the artiſt is deſirous of having 2 
the lines of the copy ſtrongly defined. F th | 
tube for carrying the pencil. B another box. 1 . 
a ſmall wheel or caſtor, which has a double fliff 
or groove x and 9, to be fixed to the leg 8B b ? ; 
the groove x, when the pencil is put into the bo F 
B. But when the pencil is put into the box Ve 
the caſtor L lips on the leg D by the A 7 
M, a wheel or caſtor to be put on the leg A 
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